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| BACKGROUND
Limb edema is a clinical feature common to all diagnostic classification schemes used in post-thrombotic syndrome (PTS) for children and adults, [1] [2] [3] [4] [5] and is one of the most frequent findings in children with upper extremity (UE) 6 and lower extremity (LE) PTS.
7
The development of limb edema in the context of PTS is a consequence of the inflammatory response that accompanies thrombotic events. The inflammatory response opens gaps between endothelial cells, enhancing transcapillary filtration and extravasation of plasma proteins.
8
Limb edema develops when filtration exceeds lymphatic drainage, lymphatic drainage being the "safety valve" that prevents interstitial edema.
9
Two of the instruments available for the diagnosis and severity rating of pediatric PTS, the Modified Villalta Scale 2 and the index for the Clinical Assessment of Post-Thrombotic Syndrome in children (CAPTSure™), 10, 11 assess limb edema as a sign and as a symptom. The Modified Villalta Scale includes the symptom swelling, and the signs increase in limb circumference, and pitting edema, whereas
CAPTSure™ assesses patient/proxy-reported limb swelling (symptom)
and limb circumference difference (sign). In contrast, a third pediatric tool for PTS diagnosis, the Manco-Johnson Instrument, 1 only assesses the symptom swelling with/without pitting edema.
The inclusion in these instruments of more than one item assessing a single aspect of PTS, such as limb edema, can be of concern since this aspect may be overly weighted, potentially overestimating the severity of the disease. Moreover, according to theory, items included in a clinical index are expected to define different aspects of a complex clinical phenomenon or construct, and are therefore expected to be heterogeneous. According to Feinstein, if certain items are so closely related to each other that one can be substituted for the other, one of these items can be eliminated because it does not make a distinctive contribution to a clinical index.
12
The present work aimed to investigate the item-item correlations between different techniques and approaches used to assess limb edema, including the items that are part of CAPTSure™. We focused on the relationship between edema as a symptom (patient-or proxy-reported) and as a sign (clinician-assessed limb edema as determined using different methods). The main goal was to investigate the degree to which the items that measure limb edema in CAPTSure™ overlap and measure the same aspect of PTS. This is relevant, since the potential overestimation of disease severity can have consequences not only in clinical practice (eg, treatment decisions), but also in research (eg, the identification of patients who might benefit from early interventions in order to prevent PTS).
| METHODS
The present study was part of a cross-sectional investigation on the diagnostic performance of a pool of signs and symptoms of pediatric UE and LE-PTS. PTS signs and symptoms were measured in 140 consecutive patients, aged 1-21 years, diagnosed with unilateral UE (n = 70) or LE-DVT (n = 70) 10, 11 who were at risk of PTS, and who agreed to participate in the study. All patients were assessed at least 6 months post-DVT. The sample size of the original study was based on 95% confidence interval widths for sample correlations.
11
The assessment of segmental edema included the following:
1. Limb edema as a symptom: Patient-or proxy-reported limb swelling was recorded using a standardized questionnaire, part of CAPTSure™, that inquired about frequency of limb edema in the past 4 weeks. Proxy report was sought in children aged ≤9 years and patient report was inquired in older children.
Responses ranged from "never" to "every day", based on the questionnaire of the Edinburgh Vein Study (courtesy of Prof.
FGR Fowkes, with permission). up to determine the UE and LE volume, as previously described. 13 The upper and lower radius of each cone was calculated from the circumferences taken at six landmarks using the tension-controlled tape; the height (distance between the landmarks) of each truncated cone was measured using digital calipers. The volume of the DVT-affected limb was normalized by comparison to the unaffected limb and expressed as a ratio.
Essentials
• It is unclear if limb edema as a symptom and as a sign refers to the same clinical aspect of PTS.
• Limb edema was measured as a symptom and as a sign in 140 children at risk of PTS.
• Proxy-reported edema correlated weakly-moderately with circumference difference and volume ratio.
• Patient-reported edema correlated with bioimpedance ratio in the lower extremities only.
• Limb edema measured as a sign and as a symptom refers to slightly different aspects of PTS.
| 593
c. Bioimpedance Spectroscopy (BIS): The technique involves
estimating the fluid content of a limb as the inverse of the impedance or resistance of the tissues to the passage of imperceptible electrical current 14 ; impedance at low frequency reflects extracellular limb fluid content. UE and LE extracellular fluid content was estimated with a BIS SFB7 device (ImpediMed, Inc.). The protocol to assess segmental fluid content using BIS in children has been described elsewhere.
11,15
The obtained data were processed using the Bioimped Software to estimate the extracellular (R0) resistance value for each of the limbs; results were normalized by comparing the R0 value of the DVT-affected and unaffected the extremities and were expressed as a ratio (unaffected/affected limb resistance ratio or R0/R0 ratio). 20 In fact, the pattern of item-item correlation is one of the aspects that differentiates formative from reflective measurement models, the two main models used for tool development. 21 Analysis was stratified for UE and LE-DVT, given that the clinical manifestations of PTS were expected to differ when comparing these venous territories. Statistical analysis was performed using R (R Foundation for Statistical Computing, Vienna, Austria).
The study was approved by the Research Ethics Boards at The
Hospital for Sick Children and the University of Toronto. Informed consent and assent, when applicable, were obtained.
| RESULTS AND DISCUSSION
The median age (25-75th percentile) of the patients at the time of study participation was 7 years (3-11 years) for children in the UE-DVT group, and 8.3 years (4-12 years) for patients in the LE-DVT group. The male to female ratio was 1.6 in both groups.
Limb edema was reported as a symptom in 9% ( However, these methods only provide a measurement of the total volume of the extremity, which is then inferred to reflect edema.
In contrast, BIS allows obtaining specific information on the fluid content of an extremity, since it overcomes the bias that fat and muscle tissues can introduce. 24 The difference between assessing limb volume and limb fluid content may explain the correlation patterns found in our study.
No statistically significant correlations were found between durometry and the remaining items.
Our study needs to be interpreted in the light of a potential limitation. The number of patients overall, and specifically the ones undergoing durometry testing was small. The latter precludes drawing definitive conclusions regarding the role of durometry in the assessment of limb edema.
To conclude, we found that the assessment of edema as a sign and as a symptom likely captures different aspects of PTS and the inclusion of these two items is unlikely to lead to overestimation of disease severity. Moreover, the assessment of edema as a sign and as a symptom is particularly relevant in older patients, since patient-reported swelling measured an aspect of edema that resembled BIS-measured limb fluid content (perceived swelling), rather than clinician-assessed total limb size (observed swelling), at least in the LE. The role of BIS in the clinical assessment of PTS, particularly in the early detection of limb edema, remains to be further explored.
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